This paper concerns a study of some aspects of largemouth bass ecology in an Italian lake (Lake Bracciano). We assessed the success and possible impact of its recent introduction (1998) upon the fish community. From October 2001 to September 2002, 162 individuals were caught, measured, aged and submitted to biopsy (stomach and gonads were removed). Four age classes, from 0 + to 3 +, were observed in the population. Largemouth bass feeding activity was high in June, mostly eating fish (55.7%), crustaceans (in particular Palaemonetes antennarius, 37.5%), insects (4.5%) and molluscs (2.3%). The G.S.I. values showed an autumnal breeding period (from December to February) rather than the spring-summer one frequently described in North America. Moreover, bass attained sexual maturity during the second year of life (1 +). These differences could be related to its recent introduction and the apparent success could represent a problem for other species in the Lake.
INTRODUCTION
Many species introductions can be beneficial to humans (EWEL et al., 1999) or cause minimal environmental impacts (WILLIAMSON and FITTER, 1996; JERSCKE and STRAYER, 2005) , but non-indigenous species are often capable of dominating native populations and communities (KOLAR and LODGE, 2001; CROOKS, 2002) . This factor creates a risk of general alteration of the biological diversity through the homogenisation of the ecosystems (MACK et al., 2000; RAHEL, 2000) .
In Italy, in the past 20 years, we have observed a rapid increase in exotic fish, today totalling 40 species (38%) from a total of 105 (MAIO, 2002) . Among these taxa, largemouth bass, Micropterus salmoides Lacépède, 1802, a North-American Centrarchidae, introduced outside its native range for fishing purposes in several countries worldwide (LADIGES and VOGT, 1979) , and is now estimated to be among the top 5 species introduced worldwide into inland waters (WELCOMME, 1992) . Its first occurrence in Italy was recorded at the beginning of the 20 th century (TORTONESE, 1975) , spreading successively throughout the entire national territory (ZERUNIAN, 2002) , Latium included (ZERUNIAN, 1980; BELLINI et al., 2001; CLERICI et al., 2007; GIBERTINI et al., 2004; MARINELLI et al., 2004) .
Largemouth bass is a lake-dwelling species, preferring marshy environments and shallow waters (HICKLEY et al., 1994) . It has been described as a piscivorous fish (HEIDINGER, 1974; CARLANDER, 1977) , although a shift in diet usually occurs in relation to size and age (GARCIA-BERTHOU, 2002) . In fact, after an early diet of zooplankton and insects (KEAST and WEBB, 1966; HEIDINGER, 1976; KEAST, 1985; PHILLIPS et al., 1995) M. salmoides begins eating fish usually at 50-70 mm standard length (PHILLIPS et al., 1995; OLSON, 1996) , quickly (at 80-100 mm of SL) becoming exclusively piscivorous in the presence of available prey (CARLANDER, 1977; WERNER et al., 1977; KEAST, 1985) . Other studies carried out in Central Italy have shown low growth rates (ZERUNIAN, 1980; ALESSIO, 1981 and LORENZONI et al., 2002a) and a reproductive period occurring between May and July (January-April in Umbria, Central Italy -LORENZONI et al., 2002b) , when the females spawn several eggs many times due to their asynchronous ovary (BREDER and ROSEN, 1966; TORTONESE, 1975; ALESSIO, 1983 ).
The present study was carried out to evaluate some aspects of the reproduction and diet of a M. salmoides population recently introduced into an Italian lake (Lake Bracciano; first record in -MARINELLI et al., 2004 , in order to assess its acclimatization grade and to ascertain the possible impact on the indigenous fish community.
MATERIALS AND METHODS

Study area
Lake Bracciano, situated among the Sabatini Mountains near Rome (between 42°10' and 42°05'N and between 12°10' and 12°17'E, at .
Sampling and data analysis
The sampling was carried out monthly from October 2001 to September 2002 by trawling professional dragnets (with 2 cm mesh-size) at sunset. The fish were aged (by scale reading -according to BAGLINIERE and LE LOUARN, 1987) , measured (standard length, SL) and weighted (total weight, W T ). Then, immediately, the stomach and the gonads were removed.
The condition coefficient (k c ) was calculated by the following formula:
where b was a specific constant representing the angular coefficient of the relationship.
Concerning the diet analysis, the vacuity index (V) was calculated as:
where St v indicated the number of empty stomachs and St the total number of stomachs. Then, the gastric contents were observed in order to evaluate the feeding strategy, the importance of a prey, and the size of the trophic niche. To do this, we used the COSTELLO (1990) diagram method (modified by AMUNDSEN et al., 1996) , which relates the preyspecific abundance (P i ) to the occurrence frequency (O i ), given respectively by the following functions:
where: S i indicated the abundance of the prey i in the stomachs; S ti the total prey abundance in the stomachs containing the prey i; J i was the stomach number containing the specific prey i; N the number of stomachs containing preys.
The gonads were removed in order to sex every animal (since M. salmoides has no sexual dimorphism -ALESSIO, 1981) and weighed to calculate the gonadic index:
where W G represents the weight of the gonads and W T the total weight of the fish. Then, both female and male gonads were fixed in a Bouin solution and later used for histologic observation, upon dehydration, paraffin inclusion, microtome cut and Emallume-Eosina staining. In order to relate the gonadic tissue development phase to the sampling month, the Monthly Average Level Index (M) was calculated:
where F is the value attributed to every phase (Table I) and N tot the total specimen number. Moreover, the sexual maturity size was estimated calculating the length at which 50% of the specimens reach the full maturity phase (i.e. L 50% , see SPEDICATO and CANNAS, 2000) .
RESULTS
Population analysis
The whole sample was composed of 162 specimens (Table II) , 91 males (56.2%) and 71 females (43.8%), with a 0.8:1 sex ratio (F: M), not different from 1:1 (χ 2 = 2.44; gl = 1; ns). Each of the four observed age classes (from 0 + to 3 + -see Figure 1 ) showed a sex ratio in favour of the males, but there were no significant differences in 1 + and 2 + classes (0.8:1 and 0.9:1, respectively), while the female/male ratio for the classes 0 + and 3 + was significantly different from 1:1 (0.3:1 and 1.3:1, respectively -χ 2 = 8.02; gl = 3; p < 0.05).
The slope of the regression between the standard length and the total weight were 3.03 and 3.09, respectively, for the females and the males, and the average values for the condition coefficient were 0.023 for the females and 0.019 for the males. The monthly values of the condition coefficient for both sexes are shown in Figure 2 .
Feeding strategy
A total of 108 (66.7%) largemouth bass contained prey remains within the stomach. Figure 3 shows the monthly mean values of the vacuity index for the males and the females. Preys consisted of fish (55.7% of the full stomachs -cf. Figure 5) , decapods (i.e. Palaemonetes antennarius, 37.5%), insects (4.5%) and molluscs (2.3%). Crustaceans were more abundant in late winter and spring, whereas fish were the most abundant preys in summer (Figure 4 ). Insects occurred in autumn, spring and summer, while the molluscs occurred in summer and winter. The most frequent fish prey found in the stomach contents (0.92) was the big-scaled sandsmelt ( Figure 5 ) whereas young pike was the rarest (0.2). The other fish species (Salaria fluviatilis, Lepomis gibbosus, Micropterus salmoides j., Coregonus lavaretus j., Perca fluviatilis j.) showed a low frequency of occurrence in the stomach contents. 
Reproduction
Visceral fat reserves (V.F.R.) were observed in 88.7% of the females and 77.4% of the males. Firstly, the coelomic space adjacent to the gonads was filled; then, adipose mass occupied interstices among the other organs.
Of the whole sample, 42.3% of the specimens showed anomalous gonads. In particular, 18.3% of the females and 6.6% of the males showed an atresia of the right gonad, while 5.6% of the females and 2.2% of the males of the left gonad. Only two individuals (1 female and 1 male), were affected by a total atresia of the gonads.
The ovary development was in an advanced phase between December and February, when the eggs were rich in yolk and lipidic drops. Similarly, the males showed mature gonads between December and February, extending active spermatogenesis until June. The monthly values of the M index for both sexes are shown in Figure 6 ; the maximum values occurred between December and February, for the females, and between December and June, for the males. The gonadic index shows a similar trend for both sexes (Figure 7 A length-frequency analysis using mature specimens was obtained (Figure 8 ). The minimum size at which mature gametes were identified was 16.2 and 17.4 cm, for the females and the males respectively (both 0 +). The L 50% was reached at 19 cm SL for the females and 20 cm SL for the males, when the specimens are 1 .
Figure 7
Mean monthly values and standard deviations of the gonadic index, during the study period.
Moyennes mensuelles et déviations standard de l'index gonadique pendant la durée de l'étude.
DISCUSSION
The sampled population was dominated by the 1 + age-class. The youngest ageclass (0 +) was probably under-represented due to the fishing method used, favouring larger individuals (COWX, 1983) , whereas the small number of older specimens (> 3 +) was probably related to their recent introduction into the lake. In addition, the larger specimens have higher movement ability and the capture efficacy for them was probably low.
The mean sizes at different ages, as well as the slope of the length-weight relationship did not show substantial differences from other Italian studies carried out in lentic waters of Central Italy (ZERUNIAN, 1980; ALESSIO, 1981 ALESSIO, , 1983 LORENZONI et al., 1996 LORENZONI et al., , 2002b . This is probably due to the geographic and ecological similarities of the lakes.
We did not carry out a study on largemouth bass growth performance but, comparing mean sizes at different ages, significant differences did not seem to exist among the results observed in this study and those reported in studies carried out within primary and secondary areal. This indicates a wide ecological plasticity of the species (see LORENZONI et al., 2002b) .
In Lake Bracciano, M. salmoides showed a high consumption of fish (especially for A. boyeri), although it was not exclusively piscivorous, having also a high consumption of the decapod Palaemonetes antennarius. Our results agree with the diet described for the species in other European studies, with fish being the predominant food item (for bass > 20 cm in TL) and crustaceans and insects being also frequently eaten (ALESSIO, 1983; RODRIGUEZ-JIMENEZ, 1989; GODINHO and FERREIRA, 1994; NICOLA et al., 1996; GODINHO et al., 1997; GODINHO and FERREIRA, 1998) . However, our results contrast with the observations of LORENZONI et al. (2002b) in another Italian lake (Lake Trasimeno), where the main food item was P. antennarius and fish were the dominant food item only in the youngest specimens. The number of fish species preyed by bass was also higher in our study when compared with other studies, particularly in the Iberian Peninsula where largemouth bass occurs in most river basins (RODRIGUEZ-JIMENEZ, 1989; GODINHO and FERREIRA, 1994; GODINHO et al., 1997; GODINHO and FERREIRA, 1998 ). Since we are not able to compare the fish resources between Lake Bracciano and other studied areas, due to lack of data in literature upon the fish abundance, we can only suppose that bass showed a preference for P. antennarius rather than fish in Lake Trasimeno due to the high availability of shrimps. The low number of preyed fish species in the Iberian Peninsula (frequently the pumpkinseed sunfish) probably reflects also the higher availability of one or few species or reflects the fact that there are no other species of the right size present in the studied systems (RODRIGUEZ-JIMENEZ, 1989; GODINHO and FERREIRA, 1994; GODINHO et al., 1997; GODINHO and FERREIRA, 1998) . Probably in Lake Bracciano, M. salmoides have a higher number of species available as a trophic resource.
Therefore, M. salmoides seems to be an opportunistic predator with an alimentary range depending on the environment and on the feeding resources (HE et al., 1994; HICKLEY et al., 1994; GODINHO et al., 1997; OLSON et al., 1998; LORENZONI et al., 2002b) .
The seasonal variation in the bass feeding activity was probably related to the water temperature and to the reduction of the foraging activity during the reproductive period, also observed elsewhere (HEIDINGER, 1974; ALESSIO, 1983; ROSEMBLUM et al., 1994) . Foraging activity and food assimilation make it possible to accumulate fat inside the coelomatic cavity, increasing the visceral fat reserves (VFR). This represents a surplus over the natural physiological needs and stimulates the gonadic development (ROSEMBLUM et al., 1994) .
With regard to reproduction, the male specimens showed high values of the M index from December to June (with a maximum in the first three months), similar to what was observed by ROSENBLUM et al. (1994) in Florida. But the reproductive period (i.e. when both sexes showed matured gonads) occurred only during 3 months, between December and February, earlier than the period (April and May) described in other studies conducted in temperate zones (ALESSIO, 1981 (ALESSIO, , 1983 LORENZONI et al., 2002b) . Bass also presented an early maturation (1 +), unusual for the species in temperate latitudes but reported for tropical fast growing populations (e.g. WEYL and HECHT, 1999; BEAMISH et al., 2005; BRITTON and HARPER, 2005; BRITTON and HARPER, 2006) . In other Italian studied populations (ALESSIO, 1981 (ALESSIO, , 1983 LORENZONI et al., 2002b) and within the native range (ROSEMBLUM et al., 1994) , largemouth bass usually reaches a sexual maturation at age 3 + and 2 +, for the females and the males respectively.
Bass maturation could be more dependent on the size than on the age. Therefore, the age at maturity (i.e. first reproduction) could vary widely.
Our results suggest that largemouth bass has found a favourable environment and good trophic conditions in Lake Bracciano. In addition, some of the results could reflect its recent introduction, namely the high relative abundance of the younger age classes and the scarcity of older individuals, together with the early maturation. Its recent introduction could explain the diversified feeding habits, reflecting a still reduced influence of largemouth bass on the Lake Bracciano fish community. Studies carried out later would allow a more definitive assessment of bass impact upon the autochthonous fish community. Once introduced, an exotic species can create serious problems for the native fish species (HOLCIK, 1991) , even more so if the alien species is a successful piscivorous, such as largemouth bass. In fact, several studies have reported that non-native species can seriously affect populations of autochthonous species (WILLIAMSON and FITTER, 1996; HOLCIK, 1991; COX, 1999; LORENZONI et al., 2002a; JERSCKE and STRAYER, 2005) .
